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© Apparatus for obtaining ridge line pattern image on a curved surface. 



© In an apparatus for obtaining ridge line pattern 
image on a palm, a curved platen surface is pro- 
vided for obtaining a good contact with curved sur- 
face of the palm. 
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This invention relates to an apparatus for ob- 
taining ridge line pattern image on a curved surface 
of an object. 

Means for identifying individuals through finger- 
print or palm print images has been proposed 
wherein a fingerprint(or a palm print) image is 
obtained and is automatically compared with pre- 
viously stored images using pattern recognition 
technique. 

Heretofore, for obtaining a palm print image, 
printing ink applied on a surface of a palm is 
transcribed on a sheet to print a palm picture. A 
palm print image is obtained from the palm picture 
by a TV camera or by an image scanner. Although 
a same method has been used for obtaining a 
fingerprint image, an apparatus has recently been 
disclosed for obtaining a fingerprint image without 
using printing ink. This apparatus which has been 
disclosed by U. S. Patent Number 5,096,290 en- 
titled "Apparatus for Imaging Fingerprint using 
Transparent Optical Means having Elastic Material 
Layer"(hereafter will be called the prior art) may 
also be used for obtaining a palm print image when 
a surface for placing an object is broad enough for 
a palm. 

Fig. 2 shows an assembly of the prior art 
apparatus for obtaining an image pattern of a palm 
print. 

Light beams from a light source 13 incident 
upon a surface 22 of an optical body 21, are totally 
reflected at the surface 22 of the body 21 , due to 
the difference of refractive index between the op- 
tical body 21 and the surrounding air. When a part 
of a palm of a hand 23 is in contact with the 
surface 22, light beams are scattered in a diffused 
reflection at the contact point. A TV camera 14 is 
placed at a position for scanning light beams of 
total reflection and a part of diffused light beams 
reflected in a direction parallel to the light beams of 
total reflection, to produce ridge line pattern image 
of a palm on the surface 22. The surface 22 on 
which an object is placed in contact is hereafter 
called a platen. 

Poor contact between an object and the platen 
is a serious problem of the prior art. As is evident 
from Fig. 2, only a small portion of the total palm 
area is in contact with the platen 22. When pres- 
sure from the hand 23 is increased to increase 
contact area, the portion which has already been in 
contact with the platen receives excessive pressure 
and the ridge lines in the portion can be depressed 
or the palm itself can be deformed resulting in an 
inaccurate image pattern. 

Therefore, an important object of this invention 
is to provide a good contact between a platen and 
a curved surface of an object whose ridge line 
pattern image is to be obtained. 



Another object of the invention is to provide 
means for compensating position coordinates ob- 
tained from a curved surface to coordinates on a 
two-dimensional plane. 

5 In order to achieve these objects, platen sur- 

face is made a convex surface which conforms to a 
concave surface of an object in case when the 
object is a palm, or the platen surface is made a 
concave surface which conforms to a convex sur- 

io face of an object in case when the object is a head 
of a finger. 

It is not necessary to give a rigorous dimension 
to the curvature of a platen, as objects to be placed 
on the platen have a good elasticity. 
75 And, as for coordinates compensation, conven- 

tional means can be employed since shape of a 
platen surface is known. 

Further objects, features, and advantages of 
this invention will become apparent from a consid- 
20 eration of the following description, the appended 
claims, and the accompanying drawings in which 
the same numerals indicate the same or the cor- 
responding parts. 

Figs. 1a, b show an assembly of a first em- 
25 bodiment of this invention. 

Fig. 2 shows an assembly of a prior art. 
Fig. 3 shows a block diagram of a coordinates 
compensator of Fig. 1 . 

Fig. 4 shows data compensated in coordinates 
30 compensation. 

Fig. 5 shows an assembly of a second embodi- 
ment of this invention. 

Fig. 6 shows an assembly of a third embodi- 
ment of this invention. 
35 Fig. 7 shows an assembly of a fourth embodi- 

ment of this invention. 

Referring to Figs. 1, there is shown a first 
embodiment of this invention. Fig. 1a shows an 
elevation view, and Fig. 1b shows a plan view. On 
40 a platen 121 of an optical body 12 is placed a hand 
11, the palm of the hand 11 being an object 
surface of image acquisition. The body 12 is made 
of such a transparent material as glass or plastic 
having refractive index larger than air, and the 
45 surface of the platen 121 is made a convex surface 
which fits together with a concave surface of a 
palm, making a good contact between these two 
surfaces. The body 12 is a prism, and an advan- 
tage of a prism is that an external light beams such 
50 as denoted by 20 do not enter a light receiving unit 
14. 

In order to obtain a reliable contact between 
the palm and the platen 121, the platen 121 may 
be coated by transparent elastic film having a 
55 same refractive index as the body 12. Method of 
film coating on the platen will not here be de- 
scribed as it is described in detail in the prior art. 



3 



EP 0 617 919 A2 



4 



The guide 15 is to define position of the hand 
11. The middle finger ill of the hand is to be 
placed between the guide 1 5 when the hand 1 1 is 
placed on the platen 121. 

As the light receiving unit 14 of Fig. 1. a CCD 
TV camera for scanning an area is used. A light 
source 13 illuminates uniformly the whole area 
scanned by the light receiving unit 14. 

In the first embodiment shown by Figs. 1, the 
light receiving unit 14 is placed at a position for 
receiving light beams of total reflection from the 
platen boundary of the prism 12. It is well known 
that a total reflection occurs when incident angle of 
a light beam exceeds a value determined by the 
refractive index of the material of the prism 12. The 
light source 13 is placed, at a position where all 
light beams from the light source 13 receive total 
reflection at the platen boundary of the prism. 

When a palm is placed in contact with the 
platen 121, ridge lines of the palm come in contact 
with the surface of the platen 121, and grooves 
between ridge lines do not touch the surface of the 
platen 121, leaving air space between the platen 
surface and the palm. A light beam which is in- 
cident on a palm body through the platen bound- 
ary, receives a diffused reflection, and only a com- 
ponent 1 7 of light beams reflected in the direction 
to the light receiving unit 14, is received by the unit 
14. A light beam incident on a spot where there is 
an air space beyond the platen boundary, the light 
beam receives a total reflection as shown by a light 
beam 18. 

Thus, ridge lines in a palm are converted by 
the light receiving unit 14, to signals representing 
dark pixels surrounded by bright pixels. 

Extraneous light beams(represented by numer- 
al 20, for example) do not reach the light receiving 
unit 14, owing to the prismatic shape of the optical 
body 12. 

Output of the light receiving unit 14 is com- 
pensated by a coordinates compensator 19, and is 
stored as an output image picture. 

Fig. 3 shows a block diagram of the coordi- 
nates compensator 19. The compensator 19 com- 
prises an A/D converter 31 for quantizing signals 
from the light receiving unit 14, an input image 
memory 32 for storing output of the A/D converter 
31, a micro-processor 33 for processing the com- 
pensation, and an output image memory 34 for 
storing output signals of the processor 33. 

Two types of coordinates compensation are 
necessary in the present invention. An angle of 
vision from the light receiving unit 14 to the palm, 
which is shown by the light beam 17, is not per- 
pendicular to the palm surface, and the ridge line 
pattern of a palm must be displayed as a pattern 
seen from a direction perpendicular to the palm 
surface. And by the apparatus of Fig. la, a ridge 



line pattern is obtained on a curved -surface of the 
platen 121, while the ridge line pattern of a palm 
must be compensated as a pattern on a flat sur- 
face. These two types of compensation are per- 

5 formed in the processor 33. 

In Fig. 4, a part 41 of the input image memory 
32 is shown with its Y-address denoted by 431, 
432, 435, , and X-address denoted by 436. 437, 
440, • . These Y-address and X-address corre- 

w spond to coordinates positions of pixels displayed 
on a display. At each cross point of these Y- 
address and X-address of the input image memory 
41 , data of a pixel at position corresponding to the 
address is stored. 

75 On the other hand, a part 42 of the output 

image memory 34 is shown with its Y-address 
denoted by 441, 442, 445, • , and X-address de- 
noted by 446, 447, 450, . To each cross point of 
these Y-address and X-address, a pixel data is to 

20 be stored for displaying as the output image pic- 
ture 16. 

Correspondence between the address of the 
output image memory 34 and the input image 
memory 32 is easily calculated from the angle of 

25 sight of the light receiving unit 14 and from the 
curvature of the platen 121. A point 412 on the 
input image memory 41 is the origin of the coordi- 
nates. A point 422 on the output image memory 42 
is taken as the origin of the coordinates of the 

30 memory. A pixel data at the point 412 of the input 
image memory 41 can be stored as a pixel data at 
the point 422 of the output image memory 42. 

When an address point in the output image 
memory 42 is transformed to an address point in 

35 the input image memory 41, the calculated results 
have, in general, fractional parts. For example, an 
address point 421 in the output image memory 42 
corresponds to point 411 in the coordinates of the 
input image memory 41. Pixel data at a point 411 

40 is not stored in the input image memory 32. There- 
fore, pixel data at the address point 421 of the 
output image memory 34 is calculated by inter- 
polating four pixel data 413, 414, 415, and 416 of 
the input image memory 32. Usually, coordinates 

45 correspondence is previously calculated and a con- 
version table for converting address points in the 
output image memory to coordinates points in the 
input image memory, is provided in the micro 
processor 33. The interpolation for calculating pixel 

so data at address points of the output image memory 
34 is carried out in the processor 33. 

Now, referring to Fig. 5. a second embodiment 
of this invention is explained. In the second em- 
bodiment, the light source 1 3 is placed at a posi- 

55 tion where all light beams receive a total reflection 
at the curved platen surface 121 which is a bound- 
ary of the optical body 12, and the light receiving 
unit 14 is placed at a position where only diffused 
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light beams(indicated by numeral 17, for example) 
are received and light beams of total reflection- 
indicated by numeral 18, for example) pass be- 
yond the field of vision of the unit 14. And, in the 
embodiment shown by Fig. 5, the light receiving 
unit 14 is placed at a point where an angle of vision 
from the unit to the platen 121 is a right angle. In a 
strict terminology, the light receiving unit 14 is 
placed with its light axis coincident with a normal 
line to the platen surface at a predetermined point 
of the platen 121. This position of the light receiv- 
ing unit 14 can eliminate angle of vision type 
coordinates compensation in the coordinates com- 
pensator 19. But the surface of the optical body 12, 
which faces to the unit must be a plane, and the 
extraneous light beam 20 might reach the unit 14 
and might deteriorate signal to noise ratio in the 
output of the light receiving unit 14. 

At a point 112 where a ridge line is in contact 
with the platen 121, a diffused reflection occurs, 
and at a point 113 where there is an air film 
between palm surface and the platen 121, a total 
reflection occurs. Thus ridge lines are converted to 
groups of bright pixels surrounded by dark pixels 
representing grooves between ridge lines. 

In a third embodiment of the present invention 
as shown in Fig. 6, an optical body 12 is a prism 
similar to that shown in Figs. 1. 

The light source 13 and the light receiving unit 
14 are placed facing to a same plane of the prism 
12. All light beams(for example, a light beam in- 
dicated by numeral 18) incident on a boundary 
between the prism 12 and air film receive a total 
reflection. Light beams(for example, a light beam 
indicated by numeral 17) incident on a point where 
a ridge line touches the platen surface receive a 
diffused reflection, and a part of the diffused light 
beam reach the light receiving unit 14. Thus ridge 
lines are converted to groups of bright pixels sur- 
rounded by dark pixels representing grooves be- 
tween ridge lines. 

In the first, the second, and the third embodi- 
ment, a TV camera is used as the light receiving 
unit 14. In a fourth embodiment of this invention 
which is shown in Fig. 7, an image scanner 71 is 
used as the light receiving unit. A lens 72 focuses 
light beams from the platen 121 on a plane on 
which the image scanner 71 scans. A light beam 
73 is shown as an example of light beams from the 
platen 121. Primary scanning is an electronic scan- 
ning in an axial direction of the scanner 71, and 
secondary scanning is a displacement scanning in 
a direction perpendicular to the axis of the scanner 
71 in a plane perpendicular to the light beam 73. 

This image scanner 71 of Fig. 7 can be used 
as the light receiving element 14 of embodiments 
shown in Fig. 1, Fig. 5, and Fig. 6. 



Claims 

1. An apparatus for obtaining ridge line pattern 
image on a curved surface of an object com- 

5 prising: 

an optical body (12) having a curved plat- 
en surface 121, which fits together with said 
curved surface of said object for making a 
good contact between these two curved sur- 

10 faces; 

a light source (1 3) placed at a point where 
light beams from said light source receive a 
total reflection at a boundary between said 
platen surface and an air space, and receive a 

75 diffused reflection at a boundary between said 

platen and said object body; 

a light receiving unit (14) placed at a point 
for scanning light beams reflected from said 
platen, said light beams reflected from said 

20 platen being total reflection light beams (18) 

and components (17) of diffused light beams in 
a direction of said total reflection light beams; 
and 

a coordinates compensator (19) for con- 
25 verting pixel positions obtained by said light 

receiving unit to desired pixel positions in an 
output image memory. 

2. An apparatus for obtaining ridge line pattern 
30 image of claim 1 , wherein said optical body is 

a prism having said curved surface on a first 
surface of said prism, light beams from said 
light source being incident to said prism 
through a second surface of said prism, and 
35 light Yearns of total reflection go out through a 

third surface of said prism. 

3. An apparatus for obtaining ridge line pattern 
image on a curved surface of an object com- 

40 prising: 

an optical body (12) having a curved plat- 
en surface, which fits together with said curved 
surface of said object for making a good con- 
tact between these two curved surfaces, 

45 a light source (13) placed at a point where 

light beams from said light source receive a 
total reflection at a boundary between said 
platen and an air space, and receive a diffused 
reflection at a boundary between said platen 

so and said object; 

a light receiving unit (14) placed at a point 
where light beams of total reflection do not 
come in sight of said unit; and 

a coordinates compensator (19) for con- 

55 verting pixel positions obtained by said light 

receiving unit to desired pixel positions in an 
output image memory. 
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4. An apparatus for obtaining ridge line pattern 
image of claim 3, wherein said optical body 
has a plane perpendicular to a normal line of 
said curved platen surface al a predetermined 
point, and said light receiving unit is placed at 5 
a point with its light axis coincident with said 
normal line. 

5. An apparatus for obtaining ridge line pattern 
image of claim 3, wherein said optical body is 10 
a prism having said curved surface on a first 
surface of said prism, light beams from said 

light source being incident to said prism 
through a second surface of said prism, light 
beams of total reflection go out through a third is 
surface df~said prism, and said light receiving 
unit is placed at a point for receiving diffused 
light beams coming through said second sur- 
face. 

20 

6. An apparatus for obtaining ridge line pattern 
image of claim 1, 2, 3, 4, or 5, wherein said 
light receiving unit (14) is a TV camera. 

7. An apparatus according to any one of claims 1 25 
to 6. 

wherein said light receiving unit is an im- 
age scanner (71). 

8. An apparatus according to any one of claims 1 30 
to 7, 

wherein said curved platen surface is coat- 
ed by a transparent elastic film having a refrac- 
tive index same with that of said optical body. 

* 35 

9. An apparatus according to any one of claims 1 
to 8. 

wherein said curved platen surface has a 
guide (15) for defining position of said object 
on said curved platen surface. ao 
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